Edible flowers are increasingly used in food preparations, requiring new approaches to improve their conservation and safety. Food irradiation, particularly electron beam and gamma irradiation, is legally recognized to extend shelf life, improve hygienic quality and disinfest foods. Garden nasturtium (Tropaeolum majus L.) flowers are widely used in food preparations, being also known for their antioxidant properties and high content of phenolics. The purpose of this study was to evaluate the dose-response effects of gamma and electron beam irradiation (unirradiated and doses of 0.5, 0.8 and 1 kGy) on its antioxidant activity and phenolic compounds. Kaempferol-O-hexoside-O-hexoside was the most abundant compound, while pelargonidin-3-O-sophoroside was the major anthocyanin. The flowers showed high antioxidant activity, in particular as reducing agents. The interaction among the effects of irradiation dose and irradiation technology was a significant source of variation for all parameters. In general, irradiated samples gave higher antioxidant activity, maybe due to their higher amounts of phenolic compounds. Anthocyanins were the sole compounds negatively affected by irradiation.
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(Dynamitron, Radiation Dynamics Inc., Edgewood, NY, USA), at room temperature.
The applied doses were 0.5 kGy (dose rate: 1.11 kGy/s, energy: 1.400 MeV, beam current: 0.3 mA, tray speed: 6.72 m/min), 0.8 kGy (dose rate: 1.78 kGy/s, energy: 1.400 MeV, beam current: 0.48 mA, tray speed: 6.72 m/min) and 1.0 kGy (dose rate: 2.23 kGy/s, energy: 1.400 MeV, beam current: 0.6 mA, tray speed: 6.72 m/min). After irradiation, samples were lyophilized and kept in the best conditions for subsequent use.
Chemical characterization of the extracts
Analysis of non-anthocyanin phenolic compounds. The powdered flower samples (~0.5 g) were extracted by stirring with 20 mL of methanol:water 80:20 (v/v) , at room temperature, 150 rpm, for 1 h. The extract was filtered through Whatman No. 4 paper.
The residue was then re-extracted with additional portions (20 mL) of methanol:water 80:20 (v/v) . The combined extracts were evaporated at 35 °C (rotary evaporator Büchi R-210, Flawil, Switzerland) to remove methanol. The aqueous phase was lyophilized and 10 mg were re-dissolved in 2 mL of 20% aqueous methanol and filtered through a 0.22-µm disposable LC filter disk for high performance liquid chromatography (HPLC-DAD-MS) analysis. The extracts were analysed using a Hewlett-Packard 1100 chromatograph (Agilent Technologies, Santa Clara, CA, USA) with a quaternary pump and a diode array detector (DAD) coupled to an HP Chem Station (rev. A.05.04) dataprocessing station. A Waters Spherisorb S3 ODS-2 C 18 , 3 µm (4.6 mm × 150 mm) column thermostatted at 35 °C was used. The solvents used were: (A) 0.1% formic acid in water, (B) acetonitrile. The elution gradient established was isocratic 15% for 5 min, 15% B to 20% B over 5 min, 20-25% B over 10 min, 25-35% B over 10 min, 35-50% for 10 min, and re-equilibration of the column, using a flow rate of 0.5 mL/min. Double online detection was carried out in the DAD using 280 nm and 370 nm as preferred wavelengths and in a mass spectrometer (MS) connected to HPLC system via the DAD cell outlet (Chahdoura et al., 2014) .
MS detection was performed in an API 3200 Qtrap (Applied Biosystems, Darmstadt, Germany) equipped with an ESI source and a triple quadrupole-ion trap mass analyzer that was controlled by the Analyst 5.1 software. Zero grade air served as the nebulizer gas (30 psi) and turbo gas for solvent drying (400 ºC, 40 psi). Nitrogen served as the curtain (20 psi) and collision gas (medium). The quadrupols were set at unit resolution.
The ion spray voltage was set at -4500 V in the negative mode. The MS detector was programmed to perform a series of two consecutive modes: enhanced MS (EMS) and enhanced product ion (EPI) analysis. EMS was employed to record full scan spectra to obtain an overview of all of the ions in sample. Settings used were: declustering potential (DP) -450 V, entrance potential (EP) -6 V, collision energy (CE) -10 V.
Spectra were recorded in negative ion mode between m/z 100 and 1500. Analysis in EPI mode was further performed in order to obtain the fragmentation pattern of the parent ion(s) detected in the previous experiment using the following parameters: DP -50 V, EP -6 V, CE -25 V, and collision energy spread (CES) 0 V.
The phenolic compounds present in the flower samples were characterized according to their UV and mass spectra and retention times compared with commercial standards when available. Otherwise, peaks were tentatively identified comparing the obtained information with available data reported in the literature. For the quantitative analysis of phenolic compounds, a calibration curve was obtained by injection of known concentrations (1-100 µg/mL) of different standards compounds: p-coumaric acid (y = 884.6x + 184.5; R 2 = 0.999); 5-O-caffeoylquinic acid acid (y = 313.0x -58.20; R 2 = 0.999); myricetin (y = 741.4x -221.6; R 2 = 0.999); quercetin-3-O-rutinoside (y = 282.0x -0.3459; R 2 = 1.000); kaempferol-3-O-rutinoside (y = 239.2x -10.59; R 2 = 1.000).
Quantification was performed based on DAD results from the areas of the peaks recorded at 280 nm or 370 nm and results were expressed in mg per g of extract.
Analysis of anthocyanins. Each sample (~0.5 g) was extracted with 20 mL of methanol containing 0.5% TFA, and filtered through a Whatman nº 4 paper. The residue was then re-extracted with additional 20 mL portions of 0.5% TFA in methanol. The combined extracts were evaporated at 35 ºC to remove the methanol, and re-dissolved in water.
For purification, the extract solution was deposited onto a C-18 SepPak® Vac 3 cc cartridge (Phenomenex, Torrance, CA, USA), previously activated with methanol followed by water; sugars and more polar substances were removed by passing through 10 mL of water and anthocyanin pigments were further eluted with 5 mL of methanol:water (80:20, v/v) containing 0.1% TFA. The extract was concentrated under vacuum, lyophilized, re-dissolved in 1 mL of 20% aqueous methanol and filtered through a 0.22-µm disposable LC filter disk for HPLC analysis.
The extracts were analysed in the HPLC system indicated above using the conditions described by García-Marino, Hernández-Hierro, Rivas-Gonzalo and Escribano-Bailón B for 5 min, from 15 to 18% B for 5 min, from 18 to 30% B for 20 min and from 30 to 35% for 5 min, at a flow rate of 0.5 mL/min. Double detection was carried out by DAD, using 520 nm as the preferred wavelength, and MS using the same equipment described above. Zero grade air served as the nebulizer gas (40 psi) and turbo gas (600 ºC) for solvent drying (50 psi). Nitrogen served as the curtain (100 psi) and collision gas (high).
Both quadrupols were set at unit resolution. The ion spray voltage was set at 5000 V in the positive ion mode. EMS and ESI methods were used for acquisition of full scan spectra and fragmentation patterns of the precursor ions, respectively. Setting parameters used for EMS mode were: declustering potential (DP) 41 V, entrance potential (EP) 7.5 V, collision energy (CE) 10 V, and parameters for EPI mode were: 
Antioxidant activity
The hydromethanolic extract described above was used for the antioxidant activity assays. A stock solution of 20 mg/mL was used and successive dilutions were made and submitted to in vitro antioxidant assays. The sample concentrations (mg/mL) providing 50% of antioxidant activity or 0.5 of absorbance (EC 50 ) were calculated from the graphs of antioxidant activity percentages (DPPH and β-carotene/linoleate and TBARS assays) or absorbance at 690 nm (ferricyanide assay), respectively (Barros et al., 2013) . Trolox was used as a positive control.
Reducing power. The different concentrations of the extracts (0.5 mL) were mixed with sodium phosphate buffer (200 mmol/L, pH 6.6, 0.5 mL) and potassium ferricyanide (1% w/v, 0.5 mL). For each concentration, the mixture was incubated at 50 ºC for 20 min, and trichloroacetic acid (10% w/v, 0.5 mL) was added. The mixture (0.8 mL) was poured in the 48-wells, as also deionized water (0.8 mL) and ferric chloride (0.1% w/v, 0.16 mL), and the absorbance was measured at 690 nm in an ELX800 microplate reader Aliquots (4.8 mL) of this emulsion were transferred into test tubes containing fraction/extract solutions with different concentrations (0.2 mL). The tubes were shaken and incubated at 50°C in a water bath. As soon as the emulsion was added to each tube, the zero time absorbance was measured at 470 nm (Analytik 200-2004 spectrophotometer, Jena, Germany). β-Carotene bleaching inhibition was calculated using the following equation: (absorbance after 2 h of assay/initial absorbance)×100.
Statistical analysis
For each sample, three independent extractions were performed, and each of them was injected in duplicate for the chromatographic analysis or assayed in triplicate for the spectrophotometric readings. The results were expressed in mg per g (µg per g, for anthocyanins) of extract (dw), as mean values±standard deviation (SD).
The fulfilment of the one-way ANOVA requirements, specifically the normal distribution of the residuals and the homogeneity of variance, was tested by means of the Shapiro-Wilk's, and the Levene's tests, respectively. For each parameter, significant differences among mean values were checked by Welch's statistics (p<0.05 means that the mean value of a determined phenolic compound had significant differences among the assayed doses or irradiation technologies). In the cases where statistical significance differences were identified, the dependent variables were compared using Tukey's honestly significant difference (HSD) or Tamhane's T2 multiple comparison tests, when homoscedasticity was verified or not, respectively. Results regarding the comparison of electron beam and gamma irradiation were classified using a simple t-test, since there were fewer than three groups.
In order to obtain a combined analysis, a linear discriminant analysis (LDA) was used to compare the effect of IT and ID on antioxidant activity and phenolic compounds. A stepwise technique, using the Wilks' λ method with the usual probabilities of F (3.84 to enter and 2.71 to remove), was applied for variable selection. This procedure uses a combination of forward selection and backward elimination processes, in which the inclusion of a new variable come after ensuring that all variables selected previously remain significant (Maroco, 2003; López, García & Garrido, 2008) . With this approach, it is possible to identify the significant variables obtained for each factor. To verify the significance of canonical discriminant functions, the Wilks' λ test was applied. A leaving-one-out cross-validation procedure was carried out to assess the model performance.
Results and discussion
The characterization of the phenolic compounds was performed by HPLC-DAD/ESI-MS analysis, and data of the retention time, λ max , deprotonated molecule, main fragment ions in MS 2 , tentative identification and concentration of phenolic acid derivatives and flavonoids are presented in Table 1 . The HPLC phenolic profiles recorded at 280 nm were identified as anthocyanin derivatives (Figure 2A) (Garzón & Wrolstad, 2009) . Similarly, the UV-Vis spectrum of compound 11 also complies with the expected shape for pelargonidin, which is characterized by a prominent shoulder in the 410-450 nm range ( Figure 2B ).
The presence of three anthocyanins derived from cyanidin, delphinidin and pelargonidin in garden nasturtium flowers was already reported by Garzón and Wrolstad (2009) irradiated with 1 kGy, while the anthocyanin derivatives were higher in non-irradiated samples (independently of the source). Despite the low applied doses, which induced some effect on the levels of some phenolic compounds, the anthocyanins content weas significantly reduced, in percentages that might be considered expectable for these irradiation levels (Alighourchi, Barzegar & Abbasi, 2008) . On the other hand, anthocyanins profile is affected by the food matrix, structural features, and the processing conditions (Torskangerpoll & Andersen, 2005) . However, the detected chromatographic differences were not reflected by noticeable changes in the flowers' colour, as deduced from the direct observation of the irradiated samples. Regarding IT,
kaempferol-O-hexoside-O-hexoside leaned toward higher values in samples irradiated
with electron beam (independently of applied dose). Actually, gamma irradiation seems to affect negatively the levels of this compound whereas the opposite happens with electron beam.
Concerning their antioxidant activity (Table 3) , T. majus flower extracts were particularly active reducing agents, showing also good radical scavenging activity, followed by their ability to inhibit β-carotene bleaching. The interaction among factors was again significant in all cases, while the individual effect of ID was not significant in the reducing power (p = 0.112), in line with the observed for IT effect over DPPH radical-scavenging activity (p = 0.973) and inhibition of β-carotene bleaching (0.244).
The main differences for each factor were the lower EC 50 values regarding inhibition of β-carotene bleaching observed in samples irradiated with 1 kGy and the higher reducing power showed by samples submitted to gamma irradiation.
In order to better understand the effects of ID and IT on the antioxidant activity and phenolic compounds amounts, two linear discriminant analysis were applied. The significant independent variables (results for antioxidant activity assays and phenolic compounds contents) were selected using the stepwise method of the LDA, according to the Wilks' λ test. Only variables with a statistically significant classification performance (p < 0.05) were kept in the analysis.
In the case of ID effect, three significant functions were defined (Figure 3) , which encompassed 100.0% of the observed variance (first, 61.23%; second, 38.12%; third, 0.65%). As it can be seen in Fig. 3 , the tested groups (0.0 kGy, 0.5 kGy, 0.8 kGy and MCV: unirradiated, 29.016; electron beam, , being more strongly correlated to the three detected anthocyanin derivatives (compounds 9-11), reflecting the similarity of the results obtained for each IT (Table 2) , while function 2 allowed the separation of electron beam and cobalt-60 irradiated samples (MCV: unirradiated, electron beam, 4.289) , showing the highest correlation with reducing power, which was previously indicated as being higher in gamma irradiated samples. The classification performance was also completely accurate for original grouped cases and for cross-validated grouped cases.
According to the obtained results, the antioxidant activity was not relevantly weakened by irradiation; in fact, some irradiated samples gave higher antioxidant activity than the corresponding control. This increase might be explained by the higher amounts of phenolic compounds in irradiated samples, specially observed in phenolic acids, but also in kaempferol-O-hexoside-hexoside. These higher amounts might probably be explained by a certain protective effect of irradiation, which may affect the atmosphere (especially, decreasing the O 2 percentage to produce atomic oxygen) inside the polyethylene bags containing the flowers, when compared to unirradiated samples.
Actually, among the assayed parameters, the anthocyanins were the unique compounds negatively affected by irradiation, together with the higher sensibility of kaempferol-Ohexoside-O-hexoside to gamma irradiation in comparison to electron beam. The observed differences were reflected in the linear discriminant analysis, which allowed the complete separation of the applied doses, and also the applied technologies. The effects of each factor were significantly different, since the correlations among discriminant functions and selected variables were different within each analysis.
Hence, the obtained profiles might have the additional advantage of discriminate among irradiated and unirradiated garden nasturtium samples.
Overall, the applied irradiation treatments seemed to represent a feasible technology to preserve the quality of edible flower petals considering the requirements imposed by their increasing uses. Irradiation might be useful to expand the post-harvest storage, preserving the quality of the edible flowers, promoting their industrial development as well as the health of consumers. projected for the discriminant functions defined from phenolic compounds profiles and antioxidant activity assays results.
